The response of shoot development and forage yield of a 2-year old 'Alamo' switchgrass stand to mowing and fertilization was evaluated to provide information needed for effective management of this variety. Mowing to a 20-cm stubble height in mid-spring removed only a few apical me&ems and had little impact on shoot development. Late spring and early summer mowing were done when apical meristems of primary compound shoots were elevated to near the 20-cm cutting height in May and over 20 cm in June. Secondary nonrooted shoot and aerial shoot numbers were increased and plant vigor, measured by spring growth in 1980, was decreased slightly the following spring. Mowing in mid-summer removed apical meristems from essentially all primary compound shoots and many secondary compound shoots. Regrowth was slight during the remainder of the summer, but the number of secondary and tertiary nonroqted shoots and aerial shoots increased. The number of proaxis buds decreased, and plant vigor was severely decreased the following spring. Mowing twice including early fall, removed apical me&ems from secondary compound shoots and some primary and secondary nonrooted shoots. Numbers of secondary, tertiary, and quarternary nonrooted shoots increased, but proaxis bud numbers were reduced. Plant vigor was very low the following spring, possibly due to exposure of mowed plants to cold winter temperatures. Fertilization increased the rate of development of compound and nonrooted shoots, the number of secondary and compound shoots in spring, the number of proaxis buds in fall and the weight of primary and secondary compound shoots. Fertilized stands mowed during summer and early fall were more productive than all other mowed stands. Fertilized plants mowed in mid-summer were vigorous and productive the following spring. However, fertilization did not overcome the loss of vigor caused by fall mowing.
proportion of senescent leaves and shoots (Hyder 1974) . Frequent defoliation, or clipping to a short stubble, however, can cause stand reduction and reduce forage production with many switchgrass varieties (Branson 1953 , Neiland and Curtis 1956 , Dwyer et al. 1963 , Dwyer and Elder 1964 , Beaty and Powell 1976 . Switchgrass elevates shoot apicies early and produces a high ratio of reproductive to vegetative shoots, making it sensitive to clipping (Branson 1953) . Switchgrass produces one crop of tillers in the spring and early removal can seriously reduce herbage production (Hyder 1974) . According to Beaty and Powell (1976) , switchgrass will tolerate a single defoliation almost anytime with no year to year reduction in vegetative vigor; however, 2 or more clippings per year reduce plant and crown survival. Dwyer and Elder (1964) found that moderate grazing of switchgrass reduced animal gains in August and September. Reduction in gain occurred because plants were producing inflorescences and leaves were dying or dead. When switchgrass plants were grazed at a heavier rate (74% utilization), plants were maintained in an immature state, but shoot vigor was reduced by the close defoliation. Time of defoliation also influences regrowth of switchgrass. Sims et al. (1971) found that defoliatingswitchgrass plants prior to June 26 induced rhizomes to produce aerial shoots and inflorescences before the end of the growing season. Plants defoliated after June 26 produced small shoots that quickly went dormant. Holt (unpublished data) reported that shoot apicies of several accessions of switchgrass growing near College Station, Texas, were evaluated above a 20cm grazing and cutting height by late spring. If shoot apicies were not removed with early spring defoliation a marked decrease in forage production resulted.
Effective management of switchgrass is tied closely to shoot growth (stem elongation) of plants. The objective of this study was to evaluate the effect of fertilization and mowing on growth, shoot density and shoot growth of Alamo switchgrass.
Materials and Methods
The investigation was conducted on a 2-year-old stand of Alamo switchgrass, located on the Texas A&M Range Research Area near College Station. $he soil, a L&kin fine sandy loam, in the taxonomic class of Fine, montmorillonitic, thermic Vet-tic Albaqualfs with a hard restrictive layer of clay 20-30 cm below the soil surface occurs within the Post Oak Savannah resource area (Gould 1975) . Mean annual rainfall at the site is 100 cm with a peak in May. Main plots 5 X 32 m in size were either untreated; fertilized in early spring (March) with 45-45-45 kg/ ha of N, P2Os and K20; or mowed to a 20-cm stubble height in mid-spring (April IS), late spring (May IS), early summer (June 15), and mid-summer (July 15). The main plots were arranged in a randomized block design with 3 replications. One-half of each fertilized plot was mowed in mid-summer (July 15) and one-half of all mowed plots were mowed again in early fall (September 15).
Beginning in early spring (March) and continuing through late fall (November), 5 plants were excavated from each plot at 2 to-4 week intervals. Whole plants from mowed plots were excavated prior to or just after mowing and soil was removed from root systems before storing. Collected plants were frozen or oven-dried at 70° C. Frozen samples were stored at 0" C until examined in the laboratory, and oven-dried samples were stored at room temperature.
Shoot numbers and weights were determined for each plant. Shopts and axillary buds were sorted by a system similar to those used by Stubbendieck and Burzlaff (1970) , Dewald and Louthan (1979), and Nieland and Curtis (1956) . Shoots with no roots were classified as nonrooted. Those with at least one root but without basal (proaxis) bud formation or secondary shoots were classified as rooted shoots; and shoots with secondary shoots or proaxis buds were classified as compound shoots. In early growth, proaxis buds and rhizomes, were difficult to distinguish and were grouped compound shoots increased from 0% during mid-spring to 35% by together as proaxis buds. Axillary buds with green leaf elongation late fall. A third generation of shoots began to form from proaxis and located on elevated nodes were classified as aerial shoots. buds in late summer. By early fall tertiary shoots comprised about Shoots were further classified as primary (arising from buds 5% of the shoot complex and remained at this level during the formed the preceding year); secondary (arising from buds of primremainder of the season. The nonrooted shoot component was ary compound shoots); or tertiary (arising from secondary comnever greater than 3%, and tertiary compound shoots reached a pound shoots) (Fig. 1) . The expanded leaves were counted and maximum of 5% in early fall. Compound shoots comprised over height of apical meristems was measured on only the unmowed-90% of the shoot complex by the end of the growing season ( Fig. 3 ), fertilized and untreated plants. All shoots were dried for 48 hours and proaxis buds located at the base of compound shoots numat 60°C and weighed. bered 40 per plant by late fall (Table 1) . Standing crop (kg/ ha) above a 20-cm stubble height was determined by clipping prior to mowing in April, May, June, July, or September 1979. These samples represented the amount of forage harvested with the mowing treatments. Plants within each of 5 randomly placed 0.5mz sample quadrats per replication were counted and clipped to a height of 20 cm, oven-dried at 60°C for at least 48 hoursand weighed. Standing crop to ground level was also calculated by multiplying average number of plants per m2 by average weight per excavated plant determined by summation of the weight of shoots in each category in the shoot development phase. On March 5, 1980, stands were burned to about a 5-cm stubble height to remove the standing dead forage from plots. Axillary buds had begun to swell, but no growth had occurred at this time. Thus, the burn was not considered detrimental to the switchgrass plants. Plants were allowed to grow, and standing crop was sampled by clipping plants to ground level on May 15, 1980. Plants within 4 randomly placed 0.5-m2 areas per replication were clipped and dried at 60°C for 48 hours and weighed. Data were used to determine effects of fertilization and mowing treatments upon plant growth in spring following treatment.
Mid-spring Mowed
Mowing in mid-spring had little impact on the shoot complex, but the total weight of primary compound shoots was reduced during fall (Table 2) . Mowing removed less than 150 kg/ ha forage (Table 3) and only a few apical meristems, but the treatment reduced plant vigor (1980 spring regrowth) by 30% (Table 4) . April mowed plants regrew relatively slowly during the period from late-spring to mid-summer 1979 (Fig. 4) . Soil temperatures at depths of 7.5, 15, and 30 cm, air temperatures, and precipitation were measured continuously during the study. Soil moisture was determined gravimetrically on samples collected from the O-7.5 cm, 7.5-15 cm, 15-30 cm, and 30-45 cm depths. These soil samples were taken within the untreated plot of each replication at approximately 2-week intervals. Analysis of variance was conducted to compare treatment effects on shoot type, shoot weights, and plant weights across time. Treatment means were separated and significant differences were calculated at the 10% level.
Results and Discussion
Growth and Development Growth of untreated Alamo switchgrass plants was monitored during a year with above-average total rainfall but with a drier than usual early summer and early fall (Fig. 2) . Plants began growth in early spring with development of primary nonrooted shoots from proaxis buds formed the previous growing season. Adventitious roots began to form when shoots were in the three-to four-leaf stage. With development of roots, percent of primary nonrooted shoots decreased from 90% in early March to 3% by September (Fig. 3) . Primary rooted shoots increased to 20% of the shoot component in mid-spring but decreased as proaxis buds formed and primary compound shoots developed. Percentage of primary compound shoots rapidly increased to 50% of the shoot component and remained stable for the remainder of the growing season. Primary compound shoots attained the six-leaf stage by early July, when flowering was also first observed. Anthesis occurred in late July and early August. Secondary shoots developed in mid-spring from proaxis buds of primary compound shoots (Fig. 3) . Percentages of secondary shoots in all categories were less than percentages of primary shoots. Secondary shoots formed about 25% of the shoot complex by early summer. Nonrooted shoots decreased from 10% of the shoot complex in early summer to 2% in mid-fall. Secondary rooted shoots were transient in nature, in that the percentage increased with root initiation in late spring, but decreased with increased development of proaxis buds in summer. Secondary Several factors may have been active in effectively reducing regrowth of April mowed plants in 1979. Brownseed paspalum (Paspalum plicatulum Michx.) plants were actively growing in April defoliated plots and may have competed for moisture. Beaty and Powell (1976) reported that clipping switchgrass plots in spring and summer allowed invasion of weeds into switchgrass stands in Georgia. Harvests later in the year reduced invasion. Temperatures in mid-spring (Fig. 2) were also below the 32°C day/26OC night temperatures reported optimum for switchgrass growth by Balasko and Smith (1971) . The regrowth potential of Alamo switchgrass plants, determined by the number of proaxis buds associated with compound shoots, was also lowest in April and increased as the growing season progressed (Table 1) . Thus, mowing in April could possibly have delayed the allocation of carbon compounds for the formation of new proaxis buds. The cause for reduced plant vigor during spring 1980 is not clear because plants should have had adequate time for herbage production and carbohydrate storage.
Late-spring and Early-summer Mowed
Plants mowed in late spring and early summer responded similarly. Secondary nonrooted shoots increased in number following 
Mid-summer Mowed
mowing of primary compound shoots (Table 5 ). Aerial shoots also developed from axillary buds ( Table 6 ). The number of proaxis buds decreased slightly during the summer as new shoots were formed (Table 1) . Possibly, defoliation reduced apical dominance during the summer when proaxis buds were adequately developed to produce new shoots. Apical meristems of primary compound shoots were elevated to near 20 cm in May and over 20 cm in June. Weights of secondary nonrooted and aerial shoots increased three and six fold, respectively, compared to those of untreated plants, and weights of compound shoots were reduced 60% by mowing (Table 2) . A single defoliation in early summer yielded about 1,200 kg/ ha forage, twice the amount harvested in late spring (Table 3) . Plant vigor in stands defoliated in May and June decreased 18 to 25% during spring 1980 relative to untreated plants (Table 4) .
Mowing in mid-summer increased the number of secondary and tertiary nonrooted shoots and aerial shoots (Table 5, 6 and 7). Proaxis bud numbers decreased and remained low through late summer and then increased in fall (Table 1) . Forage yields were similar to those of early summer defoliated plants (Table 3) , but this treatment caused a severe decline in plant vigor the following spring (Table 4) . We can only speculate that growing conditions during late summer and fall were not adequate for growth and subsequent carbohydrate replenishment (Fig. 2) . Apical meristems were removed from essentially all of the primary compound shoots and many of the secondary compound shoots, and regrowth was slight during the remainder of the summer (Table 3) .
Mowed Twice
A similar pattern of shoot development occurred in stands mowed twice, with the second mowing occurring in early fall. Apical meristems were removed from most secondary compound shoots and some primary and secondary nonrooted shoots. Numbers of secondary, tertiary and quarternary nonrooted shoots increased as they developed from the proaxis buds (Tables 5 and 7) . Nonrooted shoots became dormant after frost in late fall and resumed growth the following spring. Weights of the nonrooted shoot component increased (data not shown), but weights of rooted and compound shoot components decreased (Table 2) . Total forage yields ranged from 1,700 to 2,800 kg/ ha with maximum yields produced by an initial harvest in late spring and early summer (Table 3) . Vigor of these plants, based on plant weight in spring 1980, was low relative to untreated plants or those mowed once in spring or early summer (Table 4) . untreated plants the following spring (Table 4) . Mowing removed apical meristems from both primary and secondary compound shoots. Fertilization apparently overcame the detrimental effects of mid-summer mowing. Fertilized plants contained significantly more secondary nonrooted shoots (Table 5 ) and aerial shoots (Table 6 ) and produced 500 kg/ ha more regrowth than nonfertilized plants by fall (Table 3) . However, numbers of proaxis buds were similar (Table 1 ). The enhanced growth response during spring of 1980 may have been due to a residual fertilizer effect.
Management Implications
Exposure of fall mowed plants to winter temperatures during 1979-80 (Fig. 2 ) that were .8 to 3OC below the long term average in November, December, February, March, and April may have reduced plant growth in spring 1980. Fall mowed big sacaton (Sporobolus wrighrii Munro) plants also grew slowly the next spring (Haferkamp 1982) . Switchgrass plants mowed in fall produced many small nonrooted shoots that became dormant and resumed growth the following spring (Tables 5 and 7) , and these shoots may have been damaged by cold temperatures, thus reducing spring growth of fall mowed plants. Beaty and Powell (1976) also reported that 2 clippings per year on switchgrass reduced plant survival as well as the number of shoots per plant, but a single clipping was not detrimental.
These data indicate that deferment or light defoliation of Alamo switchgrass in early spring would allow development of compound shoots and an increased potential for plant regrowth in areas climatically similar to the Post Oak Savannah of Texas. Severe defoliation during this period could reduce vigor of plants by allowing invasion of weeds and subsequently reduce the growth rate of new shoots. Excessive defoliation in the fall could decrease the potential for early spring growth by reducing numbers of proaxis buds and by allowing damage due to low temperature.
Fertilization with a mid-summer defoliation was the most productive in terms of amount of forage harvested and plant vigor. The forage quality during mid-summer, however, would be lower than in spring or early summer.
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Fertilization
Fertilization in early spring increased rate of development of compound shoots from nonrooted and rooted shoots (data not shown). Numbers of secondary nonrooted shoots and secondary compound shoots (data not shown) were significantly higher in fertilized plants in April and a trend toward a greater number of proaxis buds was apparent for the fall (Tables 5 and 1) . Fertilization did not influence numbers of primary compound shoots (data not shown), but increased weights of primary and secondary compound shoots (Table 2) . Fertilized plots were also the most productive during the growing season and the spring following treatment (Tables 3 and 4) . Increases in forage production from fertilization have been reported for switchgrass by other researchers (Warnes and Newell 1969, Balasko and Smith 1971) .
